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REMARKS 

Applicant respectfully requests reconsideration of the present application in view of the 
foregoing amendments and the following remarks. 

I. Status of the Claims 

Claims 1, 3-6 and 9-22 are currently pending. Claims 2 and 7-8 were previously 
canceled. Applicants request cancellation of Claim 22. Applicants reserve the right to pursue the 
subject matter of canceled claims in subsequent applications. These amendments do not 
introduce any new matter into the application and their entry is respectfully requested. 

II. The Rejection Under 35 U.S.C. 8 112, First Paragraph 

The Office Action, at pages 2-3, rejects claim 22 as allegedly failing to comply with the 
written description requirement. Solely in the interest of advancing prosecution, Applicants have 
canceled claim 22. Accordingly, the rejection is moot. Reconsideration and withdrawal of this 
rejection is respectfully requested. 

III. The Rejections Under 35 U.S.C. § 103(a) 

A. The Rejection Over Alexander in Light of Brenna 

The Office Action rejects claims 1,3,6, 9, 14-19 and 21 under 35 U.S.C. § 103 as 
allegedly unpatentable over Alexander (EP 0691079 A2; 1996) in light of Brenna ("Efficiency of 
Conversion of [alpha] -Linolenic Acid to Long Chain n-3 Fatty Acids in Man", Current Opinion 
in Clinical Nutrition and Metabolic Care, 50:127-132, March 2002; abstract only). 

i. Office's Arguments 

On pages 4-9 of the Official Action, the Office again takes the view that the claims are 
obvious in light of Alexander and Brenna. According to the Office, Brenna shows that the 
essential fatty acids of the composition disclosed in Alexander would have necessarily 
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produced 0.5% docosahexaenoic acid due to the fact that essential fatty acids, such as linolenic 
acid, are converted to eicosapentaen acid and/or docosahexaen acid when consumed. 

Applicants have already provided a detailed explanation in prior responses that this 
kind of argument has no basis. Previous arguments have shown that the current claims 
administer compositions to a patient suffering from diabetes mellitus in a way not taught or 
rendered obvious by the prior art. The Office argues that because some of these compositions 
are converted after consumption, this should render the claims obvious. See paragraph 
bridging pages 4-5, 

Brenna was cited at p. 8 of the previous Office Action to clearly show that the essential 
fatty acid components of the composition disclosed by Alexander et al. would have 
necessarily produced, e.g., 0.5% docosahexanenoic acid due to the fact that essentially 
fatty acids, such as linolenic acid, are converted to docosahexaenoic acid while 
consumed. See p.8 of the Office Action, Therefore, while Alexander et al. may not 
expressly disclose that the composition contains docosahexaenoic and/or 
eicosapentaenoic acid in the amounts instantly claimed, the citation to Brenna clearly 
establishes that such an element is necessarily present in the teachings of Alexander. 

and bottom of page 6, explaining the conversion of linolenic acid to docosahexaenoic acid. As 
reiterated below, the prior art provides numerous ranges for the conversion of these acids, 
showing a wide variability of what might happen due to variable metabolic rates. 

ii. Current Standard Regarding Inherency 

When a reference is silent about the asserted inherent characteristic, the Examiner may 
use extrinsic evidence. However, such evidence must "make clear that the missing descriptive 
matter is necessarily present in the thing described in the reference, and that it would be so 
recognized by persons of ordinary skill." Continental Can Co. v. Monsanto Co. 948 F.2d 1264, 
1268 (Fed. Cir. 1991). Furthermore, "Inherency, however, may not be established by 
probabilities or possibilities. The mere fact that a certain thing may result from a given set of 
circumstances is not sufficient." Id. (quoting In re Oelirch, 666 F.2d 278, 212 USPQ 323, 326 
(CCPA 1981)). 
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iii. Method Claims 

Applicants are not claiming the composition which may be formed in the body. In such 
a case, perhaps a rejection based on the possible conversion would be relevant. In this case, 
Applicants claim a method of administering a composition which is not taught by the prior art. 
Consider a case of a pro-drug administered to a patient which is converted to an active form. 
Here, the Office argues as if Applicants are claiming the active form, and the rejection 
indicates a known mechanism for conversion of the pro-drug to the active form in the body. 
However, Applicants are claiming a method of administering a composition, not the 
composition itself. Consequently, the current claims are not obvious over the prior art. 

iv. Alexander and Brenna Do Not Inherently Teach the Current 
Methods 

As noted above, Applicants believe there are further reasons why the objection of the 
Office is ungrounded, i.e. the calculations of the Office does not inherently lead to the values 
indicated in the Office Action. 

First, the Office must consider what is actually disclosed in Alexander and view this 
disclosure in the context of any combination with Brenna. On page 4, lines 25 to 26, Alexander 
discloses that linolenic acid may serve as a precursor to other n-3 fatty acids which have anti- 
inflammatory activity. It is furthermore stated that preferably, at least 4% to 10%, by calories, 
essential fatty acids are provided by the composition. In other words, Alexander discloses that 
both essential fatty acids, i.e. linoleic acid and linolenic acid should be present in the 
composition in a concentration of at least 4% to 10%. On page 4, lines 27 and 28 Alexander 
suggests using a ratio of n-6:n-3 fatty acids (linoleic acid : linolenic acid) of approximately 4. 
Consequently, Alexander suggests a concentration of linolenic acid in the composition in the 
range of 0.8 to 2.0%. Even when applying the maximum conversion rate of 5% given in 
Brenna (actually Brenna suggests a conversion rate which is below 5% in humans) one would 
arrive at a concentration of EPA and/or DHA in the human body between 0.04 and 0.1 % which 
is far below the concentrations given in claim 1 . 
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Second, it is apparent from Barth (copy enclosed) that according to further studies 
carried out some years after the publication of Brenna that, in fact, the conversion rates are in 
the range of 0.3 to 7%; see page 328, middle column, ultimate paragraph of the English 
translation reading as follows: 

Ronald Mensing from the Department of Human Biology of the University Maastricht 
and Joe Millward from the University of Surrey, UK, disclose newest data regarding 
the conversion speed from a-linolenic acid to eicosapentaeic acid and docosahexaeic 
acid. They found conversion rates from 0.3 to 7% of the administered a-linolenic acid 
to eicosapentaeic acid. The influence of the administration of linoleic acid, sex, age and 
nutritional status on the conversion rate has to be investigated. 

Thus, when taking the lower values for the conversion rate given in Barth (See 
Appendix A) one arrives at EPA and DHA concentrations in the human body which are even 
lower. Applicants note that the results reported in Barth are in line with the results presented in 
Hussein (See Appendix B). In Table 2 on page 275 a conversion rate of 0.19% to 0.29% for 
EPO is given depending on the diet applied to the patients. 

Third, it is apparent from all documents on file that the conversion rate depends on 
further fatty acids which are contained in the diet to be administered to the patient. Brenna 
already states that the conversion rate depends on the concentration of n-6 fatty acids and long 
chain poly-unsaturated fatty acids in the diet. Barth also suggests that the linoleic acid 
contained in the diet might have an influence on the conversion rate. Finally, it is apparent 
from Table 2 of Hussein that the conversion rate depends on the composition of the diets 
administered to the patient, i.e. "FXO" and "SO", respectively, varying as regards the linolenic 
acid (ALA) and linoleic acid (LA) content; see the abstract on page 269 of Hussein as well as 
page 273, left column, lines 1 to 3. In other words, the actual conversion rate is totally 
unpredictable depending on the concentration of further fatty acids in the dietary composition. 
Finally, it should be emphasized that no data on the fatty acid metabolism in particular groups 
of patients, for example patients suffering from diabetes mellitus, is known. 
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Fourth, the method of the present application overcomes the problems discussed above, 
i.e. the method does not rely on totally unpredictable conversion rates but provides a high and 
defined concentration of EPA and DHA. 

v. The Cited References Fail to Teach Each and Every Element of the 
Claimed Invention 

As noted in our earlier response Alexander discloses a composition comprising canola 
oil, olive oil, high-oleic safflower oil and soy oil, and teaches that long-chain triglycerides are 
supplied by these oils (see paragraph [0046] at page 4). Further, Alexander teaches that the 
composition may comprise 4 to 10% of Of- linolenic acid. Alexander fails to disclose or suggest 
at least two essential elements of the claimed invention: 1) a composition comprising 0.5 to 2% 
eicosapentaen acid and/or docosahexaen acid, and 2) 0.5 to 2% eicosapentaen acid and/or 
docosahexaen acid from refined fish oil concentrate. Brenna fails to remedy the deficiencies of 
Alexander described above, as the reference fails to disclose a composition comprising 0.5 to 2% 
eicosapentaen acid and/or docosahexaen acid, let alone a composition comprising 0.5 to 2% 
eicosapentaen acid and/or docosahexaen acid obtained from refined fish oil concentrate. 

Thus, at least for the reasons stated above, the cited references either alone or in 
combination, fail to disclose or suggest the claimed invention. 

vi. There is no Reason to Combine the Known Elements in the 
Fashion Claimed 

Alexander merely teaches that the long-chain triglycerides can be provided as particular 
plant oils, and fails to teach or suggest a conversion product which might result in a mixture of 
fatty acids containing the particular amounts of DHA and EPA claimed in the present 
application. Even assuming, arguendo, that the metabolized products of the composition 
disclosed by the prior art are relevant, after considering all of the prior art, including Brenna, 
there is no certainty to one of skill in the art regarding the metabolized products resulting from 
the conversion of Alexander's composition. 
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For at least the reasons stated above, the rejection of claims 1, 3, 6, 9, 14-19 and 21 under 
35 U.S.C. § 103(a) is improper. Reconsideration and withdrawal of this ground of rejection are 
therefore respectfully requested. 

B. The Rejection Over Alexander in Light of Brenna in View of Madigan, Heine 
and The Merck Index 

The Office also rejects claims 1, 3-6, 9-10 and 14-21 over Alexander in light of Brenna, 
in view of Madigan ("Dietary Unsaturated Fatty Acids in Type 2 Diabetes", Diabetes Care 
23:1472-1477; 2000), Heine ("Linoleic-Acid-Enriched Diet: Long-Term Effects on Serum 
Lipoprotein and Apolipoprotein Concentrations and Insulin Sensitivity in Noninsulin-Dependent 
Diabetic Patients", Am J Clin Nutr, 49(3j:448-456; 1989, Abstract Only) and the Merck Index 
("Citric Acid", Monograph 2328, 1989; page 363). Applicant respectfully traverses this ground 
of rejection. 

The additional references, Madigan, Heine and the Merck Index, do not remedy the 
deficiencies of Alexander and Brenna demonstrated above, as none of these references clarifies 
the metabolic conversion of acids or discloses a composition comprising 0.5 to 2% eicosapentaen 
acid and/or docosahexaen acid, as claimed in the present application. Accordingly, the rejection 
is improper. 

Reconsideration and withdrawal of this ground of rejection are therefore respectfully 
requested. 

C. The Rejection Over Alexander in Light of Brenna and Further in View of 
Bell and Mendy 

The Office also rejects claims 1, 3-6, 9, 1 1-19 and 21 over Alexander in light of Brenna, 
and further in view of Bell (WO 97/38593), and Mendy (US Patent No. 4,407,821). Applicant 
respectfully traverses this ground of rejection. 

The additional references, Bell and Mendy, do not remedy the deficiencies of Alexander 
and Brenna demonstrated above, as none of these references clarifies the metabolic conversion of 
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acids or discloses a composition comprising 0.5 to 2% eicosapentaen acid and/or docosahexaen 
acid, as claimed in the present application. Accordingly, the rejection is improper. 

Reconsideration and withdrawal of this ground of rejection are therefore respectfully 
requested. 
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CONCLUSION 



All of the stated grounds of rejection have been properly traversed or rendered moot. 
Thus, the present application is now in condition for allowance. Favorable reconsideration of the 
application as amended is respectfully requested. 

The Examiner is invited to contact the undersigned by telephone if it is felt that a 
telephone interview would advance the prosecution of the present application. 

The Commissioner is hereby authorized to charge any additional fees which may be 
required regarding this application under 37 C.F.R. §§ 1.16-1.17, or credit any overpayment, to 
Deposit Account No. 1 9-0741 . Should no proper payment be enclosed herewith, as by a check 
being in the wrong amount, unsigned, post-dated, otherwise improper or informal or even 
entirely missing or a credit card payment form being unsigned, providing incorrect information 
resulting in a rejected credit card transaction, or even entirely missing, the Commissioner is 
authorized to charge the unpaid amount to Deposit Account No. 19-0741 . If any extensions of 
time are needed for timely acceptance of papers submitted herewith, Applicant hereby petitions 
for such extension under 37 C.F.R. § 1.136 and authorizes payment of any such extensions fees 
to Deposit Account No. 19-0741. 



Respectfully submitted, 



Date 





FOLEY & LARDNER LLP 
Customer Number: 22428 
Telephone: (202) 295-4620 
Facsimile: (202) 672-5399 



Benjamin Berkowitz 
Attorney for Applicant 
Registration No. 59,349 
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Rapsol in der menschlichen Ernahrung 

Bericht uber das Symposium ..Cardiovascular Health and Safety of 
Rapeseed Oil in Human Nutrition 1 ' am 16.05.2006 in Berlin 

Christian A. Bartfi, Institut fur Ernahrungswissenschaft der Universitat Potsdam 



Seit den ersten Berichten danischer 
Forscher uber elite niedxige Haufigkeit 
einiger chronisch-degeneratxver £r- 
krankungen bei Grorjiand-Eskirnos (1} 
sind fast 20 Jahre vergangen. Inzwi- 
schen ist es unbestreitbar, dass Pisch 
aus kaiten Panggrtinden wegen $eines 
Gehalts ann-3-Fctt8auren dasWieder- 
auftreten von Herzinfarkten und die 
Progredlenz atfterosklerotischer La- 
sionen verhuten kann (2). Angesichts 
liraitierter mariner Fischbestande und 
wegen der Kontamination bestirnmter 
Fischarten mit Methyl-Quecksilber 
siellt sxch die Frage, ob n-3-Fettsauren 
aus pflanzHchen Quellcn eme Option 
fur die kunfrjge Ernahrung bieten, 

Aus diesem Grunde wurde Mine 
Mai in Berlin von UlFOP und DGF 
(Union zur Forderung der Piotein- 
und Olpflanzen; Deutsche GeseU* 
schafi fur Fettforschung) ein Sympo- 
sium veranstaJtet, auf dem fuhrende 
Ernatauigswisserischaftier, Kinder- 
arzte und Kardioiogen zur gesundheit- 
lichen Wirkung von Rapsol SteHung 



nahmen. Dejin das Rapsol enthalt - 
neben niedrigen bis moderaten Gehal- 
ten an gesattigten und n-6*Fett8auren 
und einej hohen Konzcntration an 
Olsaure - als vvertbestirjcunenden In- 
haitastoff beachtliche Mengen der 
a-Linolensaure, dec in Pfknzen am 
haufigsten vorkomm.enden n-3-Fett- 
sSure. 

Folgende Frageo soUten beantwortet 
werden: 

WasweiEmangegenvvartigiiberdie 
kaidioprotektiven Wurkungen dex 
a*Linolensaure? 

S Wird die o>Linolensaure durch den 
menschlichen StofiVcchsel hinrei- 
chend schnell in die langkettigen 
n-3-Fettsauren, narniich die Eiko- 
sapentaensaureund die Dokosahe- 
xaensSure umgewandelt, so dass 
Fctten wie den* Rapsdi die gleiche 
preventive Potenz wie Fischfetten 
zugesprochen werden konnen? 

S3 Wie stringent sind Daten, die auf ei- 
ne risikoerhohende Wirkung von 



ct-Linolensaure bei der Prostatakax- 
Luxojnentstehuxjg hmdeuten? 
88 Welches sind die Lucken unsercs 
WIssens, die durch Forschungsvor- 
haben vordringlich geschlossen 
werden soUten? 
Das Symposium woike nicht zuletzt 
Pflaflzenzuchtern Orienti.erung geben, 
welche Ztele sie bei ihren 2uchtpro- 
grarnmcn bevorzugt beachten sollen. 

Berthold Koletzko vom Dr. von Hau- 
ner$chen Kmderspital der Universitat 
Munchen diskutierte die Bedeutung 
von n-3-Feusauren fur Mutter und 
Kind vor und nach der Gebuct. Der 
markante mebrfsche Anstieg der Kon- 
zemration von Dokosahexaensaure in 
Gehirn, Netzhaut und T-2ellen in der 
voigeburtiichen Phase 1st untrennbar 
mit der Reifuog von Funktionej* in die* 
sen Geweben, wie Seh- und Korieis- 
tung sowie von kognitiver und inunu- 
nologischer Kompeten2 f verknUpft. 
Dementsprechend empfehten wissen- 
schaftJiche Gremien die Zufuhr dieser 
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Fettsaure wahrend der Schwanger- 
schaft und der Stillzeli und In der Neu- 
geborenenernShruug {3j. 

KEniker und Epidemiologen haben 
die Vermutung geauGert, dass n~3- 
Fettsauren ihre kardioprotektive Wir- 
kung iiber die Beeinflussung der Eire- 
gungsleitung im Myokard encfalten. 
Rainer Schrepf berichtete uber seine 
Untersuchungen an der Medizini- 
schen Klinik Injoenstadt der Urtiver- 
sitat MUnchen zur rhythmisierenden 
Wirkung von Infusionen mit Flschfet- 
ten bei Patienten mit einem Risiko fUr 
ventrikulare Tachykardien. Obwohl 
seine Arbeitsgruppe eine Reduzierung 
des Risikos durch die Infusion bei der 
Mehrzahl der Patienten nachweisen 
kormte, schioss er aus den Untersu- 
chungen anderer Kliniket> dass die Da- 
tenlage ailes andere ala euiheitlich ist 
und weitere Forschungsanstrengun- 
gen erforderlicti aincL 

Peter Zock vom Unilever Food & 
Health Research Institute in Viaardux- 
gen diskutierte bisherige Untersu- 
chungen zur Prevention der korona- 
retx Herzkrankheit durch alpha-Lino- 
iensauxe. Er schlussfoJgerte, dass die 
uberwiegende Mehrzahl der bisher 
d\u chgetuhrten epidemiologischen Un- 
tersuchungen. - euischlie&Iich einer 
Interventionsstudie - eine preventive 
Wirkung dokutnentieren. 



Obex ein laufendes Forschungsvor- 
haben, bei dem die Wirkung von o>Li- 
noIensAure auf die koronare Monalitat 
von 4 000 Holla/idem untersucht wird, 
berichtete Marianne Gjoeijnse von der 
Abteilung fur Humanernahrung der 
UniversitSt Wagerungen. Die endgulti- 
ge Auswertung der Daten wird aller- 
dings nichr vor 2009 mdgKch sein. 

Michael Leitzmann gab eiuen Ober- 
bJicfc uber epidemioiogische Studien, 
die die Wirkung von a-Linolensaure 
auf das Prosmtakar^orruisiko unter- 
suchten. Br legte zunachst dar, dass 
die Srudienlage alles andere al$ ein- 
heitUch ist Wahrend 6 Studien keineja 
Zusarnmenhang herstellen konnten, 
wird durch 8 Untersuchungen ein Zu- 
sarnmenhang nahe gelegt. Uitzmann 
raachte deutiich, dass die Wider- 
spruchlichkeit vor aliem daxnit zu- 
sammenhangen konme, dass die an- 
gewandte Methodik zur Erfassung des 
Verzehrs von oc-Unolensaure mjt UnsU 
cherheiten behaftet ist. Dajeu kornrnt, 
dass die zu Grunde gelegten Lebens- 
tnitteltabellen den Gehalt an a-Li- 
nolensaure nur unzureichend wieder- 
geben. Er fblgerte aus den Daten. dass 
weitere Untersuchungen nocwendig 
sind, bevor endgflJtige Scblussfolge- 
rungcn mogUch sind 

Ursel Wahrbukg vom Inaritut fiir Er- 
nahrungs-und Haushaltswissenscbaft 
der Fachhochschule Mttnster berich- 
tete Uber kontrollierten Emahrungs- 
versuche, in denen sie die Wirkung von 
RapsSl auf die SerumUpoproteine ge- 
sunder Probanden untersuchte, Trotz 
des erhebllchen Gehaltes an mehrfach 
ungesSttigten Fettsauren loste dieses 
Fett keine erhahte Cteidation der Low- 
Density-Lipoprotcine aus. Die Spiegel 
der Serura-Lipoproteine reagierten in 
gleich gftnstjger Weise wie nach dem 
Verzehr von Ohven- oder Sonnenbiu- 
mendl. 

Ronald Mensink vom Department of 
Human Biology der Universitat Maast- 
richt und Joe Mhjuvaro von der Univer- 
sity of Surrey, UK, teiltcn neueste Da- 
ten zur Umwandlungsgeschwindigkeit 
von a-Linolensaure m Eikosapentaen- 
s^ure und Dokosahexaensaure mit. Sie 
f anden Umwandlungsraten von 0,3 bis 
7 % der zugcfiihnen oe-Linolensaure zu 
EikosapentaensaAire. Zu untersucben 
bieibt, wie derEinfluss von Linolsaure- 
zufuhr, Geschiecht, Alter und Emah- 
rungszustand auf die Umwandlungs* 
rate ist. Mjjluvaad achloss aus seinen 
Untersuchungen, dass in tJberein- 
stirnmung mit frtiheren Untersuchern 
ungefahr zehnmal mehr a-Unoien- 
sSure als Ejkosapentaensaure zuge- 



fiirut werden muss ; um die gleichen 
Spiegel im BJut zu erreicheu CAquiva- 
lenz"10:l). 

Als Quintessenz des Symposiums er- 
gab sich. dass die Forschung sich in 
Zukunft auf folgende Punkte richten 
eollte: 

m die weitere Untersuchung der Ket- 
tenveriangfcrung von alpha-Lino- 
lens3ure, 

0 die Gewinnung biochemisther und 
molekularbiolo^lacher Dat<rn Uber 
die Wirkungen von a-Linolensaure 
auf die Zellbiologie des Prostatage- 
webes, 

GS die Erfassurig weiterer epidemiolo- 
gjscher Daten iiber die Wirkung von 
aJpha-Unoiensaure im HinbMck auf 
die Endpunkte Herzerkrankujigen 
und die Gewebsdynamlk von Pro- 
statagewebe, 
m kardiologische Untersuchungen zum 
Nachweis einer antiaxrhythrniGcljen 
Wirkung von a-Unolensaure. 
Vorderhand - so die einjiellige Mei- 
nung wghrend der Diskussion - gibt e$ 
keinen Anlass, die gultigen Empfeh- 
lungen zum Veuehr von Rap36i 12. 4) 
zu anderrx. 

H'rnweis: 

Die Kurafa£#ungen der Vortrige erscbeinen in der 
Aktuelien Emahrungsmcdid^ [51 

Uteratur. 

1. Uaf A Weter PO Caxdlovascul^r effects of n-3 
fatty ari<&. N JEngl J Med 1989; 3/5; 549^57. 

2. Kmuss SK M, Houxml B, ct a),; AHA. 
Dietary Guidelines; revj$icn 2000; A statement 
for heitfdicare professionals fi-om the Nutritiojti 
Committee of the American Hean Association 
Ci?culaijon2000: ; 02: 2284-3299. 
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chain polyunsaturated fatty acids tLC-PVFA) 
and pertnata! dwelopment Acta Paediatr 

4. Dtvlsdte C*9*llschaft fur Srniihnmg CHrsgJ: 
Ernahnmgsbeficht 2004; Dsuwche GcseU- 
achaft COr Emahtung, Bonn 2004. S- 63 
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Health and Safety of Rapeseetf Ofl in Human 
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Prof. Dr. med. Chris dan Barth 

Georg-Suebl.-Str. 8 
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Long-chain conversion of [ 13 C]linoleic acid and 
a-linolenic acid in response to marked changes 
in their dietary intake in men 

Nabed Hussein, Eric Ah-Siflg, Paul Wilkfoson, Clare Leach, Bruce A- Griffin, and D. Joe Mill ward 1 
Centre for Nutrition and Food Safety, School of Biomedical and Molecular Science*, University of Surrey, 



Guildford, Surrey GU2 7XH, United Kingdom 



AJbstract We studied the long-chain conversion of [T> ls C]o> 
Unolenic add (ALA) and lirvoleic add (LA) said responses of 
erythrocyte phospholipid composition to variation in the di- 
etary ratios of lSi3n*$ (ALA) and 18&v£ (LA) for 12 weeks 
in 38 moderately hyperlipidemic men- Diets wene enricbed 
with either flaweed oil (fXO; 17 g/dayALA, n - 21 ) or sun- 
flower oil (SO; 17 g/day LA, n * 17). The FXO diet induced 
increase* in phospholipid ALA (> 5-fold), 20:5n-3 [eicosa- 
pentaenovc acid (fePA), >^foid], and 22:5n*3 [docosapea- 
taenoic acid (DPA)> 50%] hut no change in 22:6n-3 (docosa- 
hexanoic acid (DHA)], LA, or 20:4n-6 [arachidonicadd (AA)L 
The increases in EPA and DPA but not DHA were similar to 
those in subjects given the SO diet enriched with 3 g of EPA 
plus DHA from fish oil (n * 19). The SO diet induced a 
small increase in LA but no change in AA- Long-chain con- 
version of [tM 3 CjALA and [TJ- IS C|LA, calculated from peak 
plasma 15 C concentrations after simple modeling for tracer 
dilution in subsets from the TKO (n «■ 6) and SO (n = 5) di- 
ets, was snrnlar but low for the two tracers (i.e», AA, 0.2%; 
EPA, 0.3%; and DPA, 0.02%) and varied directly with pre- 
cursor concentrations and inversely with concentrations of 
fatty acids of the alternative s*ries.fltt [*»C]DHA formation 
was very low (<0.0l %) with no dietary influences.— Hussein , 
N„ E. Ah-Sing, Wilkinson, C Leach, B. A. Griffin, and D.J, 
Millward. Long-chain conversion of [ w C]Knoleic acid and 
a-Unolcnic acid in response to marked changes in their di- 
etary intake in men.y. Lipid He$. 2005. 46: 269-280. 

Supplementary Key word* longchain po*yunjatunited fatty add • stable 
isotopes ♦ flaxseed oil 



The potential of dietary a-unolenic acid (ALA) to exert 
the favorable effects on cardiovascular disease associated 
with its longer chain relatives in fish oil (1, 2) will depend 
to a large extent on the rate and efficiency of its long- 
chain conversion. An improved understanding of how 
diet can regulate this conversion may help to explain why 
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there is currently a lack of evidence to support a cardio- 
protective role for dietary ALA (3-9). 

Experimental studies on the characteristics of the poly- 
unsaturated fatty acid desaturase enzymes suggest that 
longfchain conversion of PUFA precursors is probably rate 
limited by the A6-de$aturase (10-14), with competition 
between the n-3, n-6, and n-9 substrates for the enzyme 
and relative affinities varying as n-3 > n-6 > n-9. This sug- 
gests that in practice, the main influences on the elonga- 
tion of ALA come from competition from linolcic acid 
(LA) and possibly trans fatty acids. Given that levels of the 
latter in human diets arc decreasing markedly with the 
newer tranriree spreads and that LA intake continues to 
increase, the current issue of most practical importance is 
likely to be the dietary ratio of LA to ALA- 

Supplementation studies have generally indicated ALA 
conversion to eicosapentaenoic acid (EPA), as indicated 
by increased phospholipid EPA levels, with most (but not 
all) studies showing no influence on phospholipid doco- 
sahexanoic acid (DHA) levels. However, stable isotope 
studies of ALA long-chain conversion using either deute- 
rium-labeled ALA in infants (15-17) or adults (18-23) or 
P 3 C]ALA in infants (24) or adults (25-29) have all re- 
ported conversion to both EPA and DHA, although DHA. 
synthesis is generally low. Although an increased intake of 
dietary ALA might be expected to uprcgulate ALA conver- 
sion, this has either not been found (27) or ALA conver- 
sion has been downregulated (29), a findmg also ob- 
served in response to increased intake of DHA in some 
(20) but not all studies (23). Taken together, these find- 
ings suggest that ALA can be convened to EPA and there- 
fore can increase phospholipid EPA levels, but the main 



Abbreviations: AA, arachidonic acid; ALA, <x4ioolenic acid; APE, 
atom pcrc<mt excesj; AUC, area under the cunt:; BM1, body mass index; 
DGLA, dihomo-)Htrio!enaw; DKA, docv$*he*anovc acid; DPA, docosa- 
peo taenoic add; EPA, eicosapentaenoic acid; FAME, fatty ac»d methyl 
esutr; FXO, flaxseed oil; LA, linolcic »«id; LCP, very long<hain polyun- 
saturated fatty acid; SO, sunflower oil; SOT, fish oil supplementation 
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dietary regulation of ALA conversion to EPA and espe- 
cially DHA is by no means clear, possibly because the 
tracer kinetics of fatty acid long-chain formation in vivo 
represents a complex problem with variable approaches 
to the interpretations of the studies reported to date. 

The present study was designed to examine the long- 
chain conversion of both ALA and LA in subjects for 
whom long-chain conversion of ATA may be of particular 
importance: middle-aged men with an atherogenic lipo- 
protein phenotypc (30). We sought to evaluate the influ- 
ence of a marked variation in the dietary ALA/LA ratios 
on their long-chain conversion in terms of a) their accu- 
mulation in phospholipids, with a comparison with pre- 
formed EPA and DHA from dietary fish oils, and b) the 
relative conversion rates of f U- l3 C] ALA and [U- l3 C}lA to 
their respective long^chain products. In the latter studies, 
we also took into account differential Uotope dilution at- 
tributable to between-diet and between-series differences 
in Al A and LA pool sizes. The influence of these dietary 
changes on cardiovascular risk factors known to be re- 
sponsive to fish oil supplements has been described else- 
where (31). 



MATERIALS AND METHODS 

Subjects 

Normal, healthy, free-living male volunteers aged between 55 
and 60 years were recruited for the study, which was approved by 
the University of Surrey Ethics Committee. The main selection 
criterion was an atherogenic, lipoprotein phenotype (i.e., a 
moderately increased plasma triacylglyccrol (>1.5 mmol/1), low 
HDL cholesterol (<l.l mrool/1), and the predominance of 
small, dense LE>Ls (>40%)] (30). Subjects expressing an athero* 
genie lipoprotein phenotype were invited by letter to take part 
in the dietary intervention. Exclusion criteria were byperten- 
siori, smoking, excessive alcohol consumption (>30 units/week), 
therapy Known to affect lipid metabolism, and any biochemical 
evidence of abnormal liver, kidney, or endocrine function or ab- 
normal hematology. In total, 57 subjects completed the study, 
with a mean baseline body mass index (8MI) of 28.5 kg/m 8 . The 
12 subjects randomly selected for the isotope substudy at the end 
of the intervention had a similar mean BMl of 29.4 kg/m 2 and 
did not differ from the main group in terms of the main selec- 
tion criteria (i.e., criacytglycerol mean value of 1.7 mmol/l, HDL 
cholesterol mean value of 1.0 mmol/J, and small, dense LDL 
mean value of 45%). 

Diets and study design 

The study was of a randomized, single-blind design that aimed 
to compare single-step diets, fed over 12 weeks in parallel, that 
differed markedly in their AlA and LA contents. The main study 
compared a high-ALA/low-LA flaxseed o«l (FXO) diet with a 
low^ALA/high-LA sunflower oil (SO) diet. A third diet was in- 
cluded, low-ALA/high-LA enriched with fish oil (SOF), to serve 
as a positive control for the enrichment of phospholipids with 
EPA and DHA and for influences on cardiovascular risk factors 
{not discussed here; see ref. 31) with which die FXO diet could 
be compared. The stable isotope study was conducted on a sub- 
set of subjects on the FXO and SO diets during the last 2 weeks 
of the intervention to address the specific question of the impact 
of the dietary LA/ALA ratio on the long-chain conversion of 
ALA and LA. The diets involved substituting 45 g of the usual fat 



intake with either FXO (56% ALA) and other high-ALA, low-LA 
oils and spreads (FXO diet) or SO (69% LA) and other high-LA. 
low-ALA spreads (SO diet). The FXO and SO were suppjted to 
subjects in laminated foil sachets (17 g of oil per sacbec), the oils 
having been packaged under nitrogen and stored at -40°C be- 
fore use. Further enrichments were achieved through the provi- 
sion of cooking oils (rapeseed oil for the FXO diet, SO for the 
SO and SOF diets) and specially formulated spreads containing 
either high (FXO diet) or low ($0 diet) amounts of rapeseed oU, 
The SOF diet group received six 1 g fish oil Capsules (Fikasol; 
Pronova Biocare), of which 50% was EPA and DHA (i.e., 370 mg 
of EPA and 230 mg of DHA per capsule, 3 g of EPA+DHA per 
day). The target n-6:n-3 dietary ratios of <1 (FXO diet) or >25 
(SO diet) were calculated to require an increased intake of ALA 
or LA of 18 g above background intake. The feasibility of achiev- 
ing this level of intake had been previously established in a pilot 
study in normal volunteers using FXO as the principal dietary 
source of ALA (32) ■ Periodic measurement of lipid peroxide lev- 
els showed the stored oils to be stable over the experimental pe- 
riod. To avoid the potentially adverse effects of direct heating* 
the oils were introduced into the diet by incorporation into 
cooked foods, including pasta sauces > salad dressings, and milk- 
shakes. Subjects were also provided with cooking oil? (i.e., rape- 
seed oil (8% ALA, low n-6:n-3 ratio, FXO diet); SO (SO and SOF 
diets)) and spreads, either rapeseed enriched for the FXO diet 
or a standard formulation (Mono; St. Ivel) for the SO and SOF 
diets. The foil sachets, cooking oils, and spreads were identified 
by the letters X, Y, and Z (FXO, SO, and SOF, respectively). The 
habitual diet of the subjects was assessed by 7 day food diaries 
(33). Before each dietary intervention, subjects received dietetic 
counseling on an individual basis. This consisted of giving advice 
to subjects in the FXO group to avoid foods containing high lev- 
els of n-6 PUFAs and for subjects in both the FXO and SO groups 
to abstain from consuming any source of long-chain n~3 PUFAs* 
chiefly oiry fish. Subjects attended the Human Investigation Unit 
at the University of Surrey on three occasion*, always after an 
overnight fast (12-14 h): at baseline (pre-diet) and after 6 and 12 
weeks (posodiet). Height, total body weight, an estimate of pep* 
centage body fat, and blood pressure were measured at each 
visit. Blood samples were taken by venipuncture for the analysis 
of plasma lipids, lipoproteins, and hemostatic variables. Dietary 
compliance was assessed midway through the intervention (6 
weeks) by 3 day food diaries and at the end of the intervention 
(12 weeks) by a 7 day food diary. 

In view of the relatively large dietary load of PUFAs, vitamin E in- 
take and status were monitored in terms of both o> and v-tocoph- 
erol levels in the oils and plasma by liquid chromatography tbne- 
oSflight mass spectrometry (34). 

Analyses 

Erythrocyte membrane phospholipid fatty acid profiles were 
measured at baseline and at 6 and 12 weeks- Blood samples were 
collected into containers with EDTA and sodium citrate. Blood 
cells were separated by low-speed centrifugation at 1,100 g for 15 
mio at 2°C and washed three times with sodium chloride (0.9% 
NaCl), followed by centrifugaUon at 3,100 gfor 15 min at 2°C. 
The washed cells were transferred to a glass tube with 250 ul of 
butylated hydroxytoluene in propan*2ol (0.1%) added as an an- 
doxidant, mixed, and stored at ~80°C until analyzed. 

Lipids were exoracted from the erythrocyte membranes with a 
mixture of 6 ml of chioroform-methanol (2:1, v/v) containing 
0.01% butylated hydroxytoluene as an antioxidant (35). Fatty 
acid methyl esters (FAMfcs) were prepared with 1 ml of sodium 
methoxide (0.5 M soludon in methanol), incubated at 60°C for 
15 win, acidified with 50 of glacial acetic acid, and finally ex- 
tracted twice with 3 ml of hexane (36). 
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The resulting FAME* were analyzed by gas chromatography 
using a Varian 3400 gas chromatograph with a PAC capillary col- 
umn (SO m x 0.25 mm x 0.25 ]im film thickness; Supelco, Inc.) 
and a flame ionization detector (250°C), with helium as the car* 
rier gas* Temperature was programmed at 4*C/min from 150°C 
to 220°C. The forty add peaks were identified against standard 
fatty acid mixtures of known composition run On the same col- 
umn under identical conditions (Supelco 57 Component FAME 
Mix; Sigma Chemical Co.). Individual standards [docosapen- 
tacnoic acid (DPA, r>3), docosatetraenoic acid (DTA) ] were also 
used because these were not included in the standard mixture. 
The injection volume was 2 uJ and the run time was 45 min. Re- 
sults arc expressed as percentages of the sum of all identified 
peaks. 

Stable isotope studies 

[U-^CJALA and (U-'^LA (free fatty acid, >98 atom%) were 
purchased from Martek Biosciences Corp. (Columbia, MD). This 
preparation contained 97.1% ALA and 98% LA, the remainder 
being short- and medium-chain fatty acids as indicated by CC 
analysis. Solvents were from Fisher Chemicals Ltd. (Loughbor- 
ough, Leicestershire, UK), Fatty acid standards and all other re- 
agents were obtained from Sigma (Poole, Dorset, UK). The high 
cost of the stable isotope limited the studies to a subset of sub- 
jects. Because the objective was to examine any marked differ- 
ence in the dietary ratio of LA and ALA on very long<ham poly- 
unsaturated fatty acid (LCP) formation rates of the n-6 and n-3 
precursors (LA and ALA), a subset of 12 subjects were randomly 
selected from the FXO diet (n = 6) and SO diet (n « 6) and 
studied during week 12 of the interventions; however, samples 
from 1 SO subject were lost, so the data presented here for the 
SO group is n = 5. 

The subjects of the substudy were given a single oral dose of 
400 mg of (U-^CIALA and [U- 13 C]LA in a milkshake at break- 
fast after an overnight fast. The milkshake was similar to that de- 
scribed by Burdge, Jones, and Wootton (25) , an emulsion made 
from double cream (22 g), casein (12 g), beet sugar (4.5 g), glu- 
cose (9 g), chocolate Nesquik (10 g), and the U C tracers (0.8 g) 
in water (160 g). This was followed by a standard test breakfast 
comprising whole milk (150 ml), orange juice (200 ml), white 
bread toast (72 g), margarine (14 g), marmalade (20 g), and ce- 
real (50 g). 

Blood samples (10 ml) were collected from a forearm vein by 
venipuncture at 1,2, 3, 7, 10, and 14 days, Total lipids were pre- 
pared from plasma (1 ml) by extracdon with 6 ml of chloroform- 
methanol (2:1, v/v) ($4) containing butylatcd hydroxytoluene 
(50 mg/ml), Hepradecanoic acid (C17;0) was added as an inter- 
nal recovery standard- Purified lipid* were dissolved in toluene 
and convened to their corresponding TAMEs by the addition of 
2 ml of methanol containing 2% (v/v) HjSO* and incubation at 
50°C For 18 h. The reaction mixture was neutralized with 2 ml of 
0.25 M potassium bicarbonate (KHC0 5 ) and 0.5 M potassium 
carbonate (K^CO-), and the FAJWEs were extracted with 2 ml of 
hexane (37). Samples were dried under nitrogen and redis- 
solved in 200 uJ of hexane; 2 p.1 abquots of this solution were 
used for analysis of isotopic enrichment, by gas chromatography- 
combustion-isotope ratio mass spectrometry via an HP6890 gas 
chromatography (Hewlett-Packard, Wokingham, Berkshire, UK), 
with FAMEs convened to CO? using a Thermofinnegan gas chro- 
matograph combustion III isotope ratio mass spectrometer inter- 
face and with 15 C0 2 / >3 CO} ratio determined by a Thermofinne- 
gan Delia Plus X stable isotope analyzer. At suitable time points, 
pulses of C0 2 with known isotopic ratios [calibrated against the 
international standard Pee Dee Belemate limestone ($8)] were 
introduced as reference standards (8 -32.84%©). 



All samples from an individual were analyzed in one series to 
eliminate interassay variation in the results, with each sample run 
in duplicate. Concentrations of individual fatty acids were calcu- 
lated from peak area compared with the internal standard. 

Quantification of l5 C-labeJed fatty acids involved comparing 
15 C enrichment indicated by the 45:44 CO a signal Isotope ratios 
with the fatty acid concentration assessed from integrating the 
signal of mass 44 OO x produced from the individual ferry acids 
and relating it to the signal resulting from the C-17;0 hepta- 
decanoic acid methyl ester standard. This enables I3 C tracer con- 
centration in each fatty acid to be expressed as micrograms of 
"C per milliliter of plasma, calculated by multiplying the con- 
centration (micrograms) of the fatty acid by the U C increase 
over basal 13 C (at percent excess). 

Stable isotope calculations . 

When l3 C incorporation into conversion products was very 
low, a limit of deiectabilicy for ilic enrichment for each fatty acid 
was calculated as 2 SD above the mean baseline value (all sub- 
jects) for each fatty acid- Values greater than this were consid- 
ered to be enriched. The experimental design focused on the ex- 
tent of tracer incorporation into LCPs, especially DHA, ratber 
than the early changes in ALA or LA, using approximate mea- 
sures of ALA or LA conversion. This is justified given the lack of 
access to actual tissue metabolite pools, which is required for 
muiticompartmental modeling. We calculated two measures of 
the relative conversion fates on the two diets. The first was the 
absolute conversion as the fraction of the dose appearing in 
plasma rather than being oxidized or deposited in intracellular 
pools, as indicated by the maximum plasma U C concentration of 
each LCP. This is expressed as the percentage of the dosu ap- 
pearing in LCP in the plasma poot, assuming that plasma repre- 
sents 4.5% of body weight. Second, we compared area under the 
curve (AUC) for the 14 day time course (AUC ud ) of )5 C tracer in 
each LCP (microgram* of 1J C fatty acid per milliliter of plasma), 
as reported by others (18-20, 39). 

Modeling considerations 

Because the transfer of isotope from LA and ALA into LCPs 
reflects both the rate of conversion and enrichment (atom per* 
cent excess (APE)] of precursor, comparisons of LCP AUC val- 
ues between the two diets and the two tracer series (n>3 and n-6) 
had to take into account differences in the relative cracee enrich- 
ments (APE) attributable to variations in tracee pool sizes. The 
problem is shown schematically In Fig. X. Variation in ALA and 
LA pool size means that the observed relative rates of ^labeled 
LCP formation between diets and between series will not reflect 
the true relative conversion rates unless both tracer doses and 
tracee pool sizes are the same. This effect will be most apparent 
for n»S and n-6 comparisons, as shown in Fig. 1, but will also be a 
problem for withhvscries, between-diet comparisons when there 
arc dietary effects on pool sizes, as in the present study. Further- 
more, these considerations apply to each step in LCP formation. 
With adequate data, compartrneoial analysis can take into ac- 
count both pool sires and precursor-product tracer/tracee ra- 
tios- However, with the present limited data set, a simple algo- 
rithm was devised to adjust AUC values to take account of 
behveen'diet and between-series variations in traccc pool size 
and consequent variations in rxacer/tracee ratios. 

First, variation in the initial enrichments between diets and 
subsequent precursor-product variation was accounted for by 
normalizing each li C isotope concentration throughout the time 
course. This was done by dividing the value by the ratio of the 
AUC 15 C APE of the presumed precursor up to that time point 
measured in the subject by the mean value of the same measure 
obtained for all subjects on both diets. This reduced l3 C concen- 
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F%. I. Scheme shotvinjr the effect of tracec pool size on relative 
rates of tracer appearance in long-chain conversion products, With 
a 7-fold greater pool sue of llnolek acid (LA> compared with a-Hno- 
Jcnic add (ALA), the same tracer doses of [ l5 C]l A and [ ,5 C]ALA 
result in * 7-fold difference in relative enrichment (atom pcrcexu 
excess) of LA and AXA pools. This means that with similar absolute 
very long-chain polyunsaturated fatty acid (LCP) conversion rates, 
the n-S LCPs will contain 7-fold more total U C than the n-$ LCPs, 
Without taking this into account, LCP formation from ALA will ap- 
pear much greater than that from LA The algorithm described in 
the text adjusted the I3 C content of each LCP to what would have 
been observed if the tracer/tracee ratio of the precursor had been 
the mean value of aU subjects (n « 3 1). 



nations when the presumed precursor APE was higher than aver- 
age and vtce versa and resulted In more accurate relative, be- 
tween-diet rates of LCP formation widun each series. Second, the 
diet-adjusted i>-6 series LCP conversion to DGLAand arachidonic 
acid (AA) was then normalized to comparable values observed 
for the n-3 series by increasing the AUC isotope concentration 
values according to the rado of ALA-co-LA enrichments ( 1S C APE 
AUC^ d )> mean value, both diets. The result of these adjuscments 
is that both between-diet and between-series variation in n-0* and 
n-3 LCP conversion will better reflect actual differences that 
would have been observed if the series precursor 13 C APE had 
been die same for LA and ALA on each diet. The detailed calcu- 
lations were as follows. 

a) Between-diet comparisons- For LCP conversion in the se- 
ries FAi-»FAx->FA 3 -*FA 0 , values for 33 C concenorarion at time 
points to-ti4 were adjusted according to the following expressions: 



For FA { to FA^ at each time • 



FA (diet adjusted) C((ng)/ml, w t ) « 

FA B (mg/ml) l s % * FA n 18 C APE, . y x 

mean(n^ ll)FA n . | AUC(t Q - t t ) ?3 CAPE 

FA n . 1 AUC(t 0 -g 15 CAPE * 10 



These diet-adjusted values were than used to calculate the 
AUCiw (dietadjusted) 13 C values for FA 2 to FA* 
b) Becween-series comparisons- 



For dihomo-x-iinolenate (DGLA) and AA at each time - t 

(Eg. 2) 

FA (diet and series-adjusted) 18 C(ng/ral t . t ) * 

FA (diet-adjusted) 18 C(Ug/ml l;Jl )x 
mean (n * 11) ALAAUC 14a ia CAPE 
mean <n « U) LA AUC l4d U C APE 

These diet- and series-adjusted values were than used to calcu- 
late the AUCi«a (dice-adjusted) 1S C values for DGlA and AA. 

Adjustment 1 resulted in values for ™G and consequent AUC 
values that would have occurred if the precursor enrichmcn t up to 
that time point had been the same as the average value for that se- 
ries. The factor 10 ensures values are as micrograms per milliliter. 

Adjustment 2 resulted in AUC values for dihomo-x-Jinolenate 
(DGLA) and AA that would have been observed if the LA APE 
had been the same as that for ALA Enabling more accurate n4> 
and n*S comparisons. The AUCj 4d APE value was used rather 
than the £4 h enrichment because this takes into account both 
the initial enrichment and the persistence of enrichment with 
time, which differed between LA and ALA because of the differ- 
ent pool sizes and relative turnover rates. The value for the rau'o 
of AUCj w l K APE for AlA to LA used in equation 2 was 4.98, 
whereas the ratio of chc 1S C AFE^ values was 9.7. 

Statistical methods and calculations 

For the red cell fatty acid profiles, the statistical model was an 
analysis of the dietary influences on the changes from baseline at 
6 and 12 weeks. The significance of any change from baseline 
was examined by paired Kests. Where significant changes oc- 
curred, any dietary influences on the extent of the changes were 
examined by ANOVA with post hoc comparisons by the Tukey 
HSD test. Homogeneity of variances was tested by the JJtown and 
Forsythe modification of Levene's test, and normality was exam- 
ined by the Shapiro-Wilk test on the original or log-transformed 
data after trimming for outliers (>±3 SD). Where the ANOVA 
assumptions were violated, nonparametric tests were used (i.e., 
Kruskai-Wallis ANOVA by ranks with post hoc testing by Mann- 
Whitney V test). 

For the **C measurements, a two-tailed* unpaired Rest was 
used to test for significant differences between AUC values from 
subjects fed the SO and FXO dtets. Overall conversion of tracer 
to AA, EPA, DPA, and DHA in die plasma pool was calculated 
from the maximum observed plasma 1S C concentration (micro- 
grams per milliliter) as a proportion of the dose, assuming that 
the plasma volume was 4.5% of body weight. This will be less 
than overall whole body tracer to the extent that 15 Olabeled 
LCPs are incorporated into uesue lipid pools. Fractional con- 
version rates were calculated for DGLA->AA, EPA-»DPA and 
T)PA-»DHA from ratios of AUC values. Value* for LA-*DGL\ 
and ALA— ^EPA were not calculated since the AUC values for 
ALA and LA were underestimates of the actual values because 
peak enrichment was likely to have occurred before che nrst sam- 
pling urae at 24 h. 



. RESULTS 

Dietary compliance and intakes 

The dietary oils were well tolerated, and the FXO and SO 
were successfully incorporated into foods, as we had shown 
to be feasible in a preliminary pilot study of the incorpora- 
tion of FXO into various foods and meals (32). Dietary 
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compliance was excellent (table 1), meeting the planned 
intakes of ALA (18.6 g/day in the I7CO diet, 0.9 g/day in 
the SO and SOF diets compared with 0,8 g/day at base- 
line), LA (24.8 g/day in the SO diet, 8.4 g/day in the KXO 
and SOF diets compared with 5.8 g/day at baseline), and 
longer chain n-S (2.2 g/day EPA and 1.4 g/day DHA in 
the SOF diet. 0,8 g/day EPA+ DHA in the FA and SO diets 
compared with 0.7 g/day EPA+DHA at baseline) . Thus, the 
three diets were accompanied by significant changes in 
the ratio of dietary n-6 to n-3 PUFAs, from 8.4 to 0.5 
(FXO; P < 0.001), 9-5 to 27.9 (SO; P < 0.05), and 9.2 to 
5,2 (SOF; P < 0.05). Subjects recorded when they incor- 
porated the sachets of additional oils (FXO, SO, and SOF) 
into foods and meals, and from this information compliance 
with the diets seemed satisfactory, indicating the antici- 
pated increased dietary intake of dietary ALA All three di- 
ets were associated with a small increase in energy derived 
from dietary fat at the expense of dietary carbohydrate, 
which was significant for the SO group (+14%; P< 0.01). 
Nevertheless, there were no increases in mean body weight, 
percentage body fat, or BM1 over the intervention period. 
The dietary oils provided vitamin E mainly as X fc tocoph- 
erol in the FXO diet and ot-tocopherol in the SO diet, so 
that plasma levels of x-tocopherols tended to be higher in 
the FXO subjects at 6 and 12 weeks. However, for the ma- 
jor vitamin E species, a-tocopherol, there were no dif- 
ferences between subjects on the three diets at 6 or 12 
weeks in concentration or in a-tocopherol/cholestcrol ra- 
tios (data not shown) . 

Fatty acid composition of erythrocytes 

There were, no significant differences in any fatty acid 
between die three diet groups at baseline. The ratios of 
n-6;n-3 and AA/KPA were 4.2 ± 2.5 and 12.0 ± 8.6, re- 
spectively. Any influence of cither ALA or LA levels in the 
background diets on very long-chain n-S PUFAs was exam- 
ined by correlation analysis. ALA concentrations were un- 
related to those of its Iong<hain conversion products (EPA, 
DPA, or DHA) , and LA was unrelated to AA or C22n-6, al- 
though it was positively correlated with GLA and DOLA. 
In feci, the main relationship was an inverse correlation 
between FUFAs (whether n-3 or n-6) and palmitic acid 
(PA), stearic acid (SA), and oleic acid (OA). 

With few exceptions, the responses to die dietary inter- 



ventions, shown in Fig. 2A B as changes from baseline at 6 
and 12 weeks, were effectively complete by 6 weeks. All three 
diets induced an exchange of palmitic acid and oleic acid 
for PUFAs, with no change in stearic acid, increasing the 
polyunsarurated/saturated (P/S) ratio on average from 
1.17 to 1.42, with no differences between the diets. 

With the SO diet, LA increased from 14.1 t 3.1% to 
16.0 ± 2.3% (P < 0.05) at 12 weeks, with no changes in 
the n*6:n-3 or AA/EPA ratio. 

With the SOP diet, all n-3 LCPs increased significantly, 
mainly in exchange for palmitic and oleic acids. Thus, 
EPA doubled and DPA and DHA increased by 50%, so 
that the n-6:n-S ratio decreased from 3.6 to 2.2 {P< 0.02) 
and the AA/EPA ratio declined from 8,4 to 3.2 (P< 0.01 ). 

"With the FXO diet, ALA increased. >3-fold (from 0.36 ± 
0.3% to 1.33 ± 0.8%; P < 0.001), EPA increased >2-fold 
(from 1.47% to 3.85%; P < 0.001), and DPA increased by 
50% (from 2.72% to 3-44%; P ~ 0.02), with no change in 
DHA Because there were only small changes in LA (de- 
dining from 13-7 to 12.5; P = 0.1) and no change in AA 
concentrations, the decrease in AA/EPA and n6:n3 ratios, 
from 13.9 to 5.5 and 4.3 to 3.0, respectively {P < 0.001 in 
each case), reflected only the increase in the n-3 LCPs. 
Thus, EPA and DPA formation from ALA meant that the 
increases in these two fatty acids did not differ from those 
in the SOF group (Mann-Whitney U tests: P =■ 0.24 and P - 
0.16, respectively) (Fig. 2B). The similar changes in EPA 
concentrations with the FXO and SOF diets after intakes 
of 18 g/day ALA and 3 g/day preformed EPA+DHA con- 
taining 1.7 g of EPA indicates a dietary equivalence of a 
maximum of 10:1. 

ALA long-chain conversion is thought to reflect compe- 
tition between n-6 and n-3 substrates, and although tht re- 
lationship between the LA/ ALA ratio and EPA concentra- 
tion was weak within the FXO group (r 2 = 15%, P- 0.08 
for EPA at 12 weeks) and not evident in the SO group, the 
changes in membrane EPA from baseline did reflect ALA 
levels. Increases in EPA from baseline in the FXO group 
correlated with increases in ALA at 6 weeks (r 2 - 18%) 
and at 12 week* (r* - 19%). 

Stable isotope analysis 

The fatty acid profile of erythrocytes (Fig- 3) of the sub- 
groups was similar to that of the main cohort (i.e., lower 
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FXO, flaxseed oil; SO, sunflower oil; SOP, fish oU supplemental) on. Value* arc mean* ± SD. 
* P< 0 05 (prc-dict vcrsua poiv-tivct). 
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Fig. 2. Responses of erythrocyte phospholipid fatty acid profiles to interventions- A: Six weeks. Br Twelve 
weeks- Black bars, flaxseed oil (FXO) diet (n = 21); white bars, sunflower oil (SO) diet (n « 17); gray bars, 
fish oil supplementation ($OF) diet (n » )9). Values are means ± SD. Asterisks indicate significant differ- 
ences from baseline (P< 0.05). Different letters indicate significant differences between diets (P< 0.05). 



levels of LA and significandy higher values for the rt^3 fatty 
acids apart from I>HA in the FXO diet compared with the 
SO diet), For the sampled plasma lipid pool (Kg, 3), the 
dietary influences were broadly similar, with significantly 
higher values for alt n-3 fatty acids apart from DHA in the 
FXO diet compared with the SO diet and with lower n-6 
levels (but not significantly so) in the FXO diet compared 
with the SO diet 

n C enrichment was ohserved in LCPs of both n-b" 
(DGLA and AA) and n*3 (EPA, DPA, and DHA) series- 
Differences in tracee pool sizes resulted in differential di- 
lutions of tracer both between PUFA series and between 
diets within each series. Thus, there was a much lower ini- 
tial ,8 C enrichment (APE) of LA at 24 h after the dose 
compared with ALA (i.e., the ALA/LA APE 24h ratio was 
9.7 £ 4.50 overall) and higher values in the n-6 (13.1 + 
4.8) compared with the FXO diet (7.4 ± 2.7; P< 0.05). 
However, the slower turnover of LA compared with ALA 



(half-life « 22 and 1,1 days for LA and ALA, respectively) , 
no doubt reflecting the much larger LA pool, meant that 
the differences in LA and ALA enrichment over the 34 
day study was not as marked as at 24 h ( U C APE AUC 14<J 
ALA/LA ratio = 5.0 ± 5.1? n = 11). Fourteen day ALA/ 
LA enrichment ratios were again higher in subjects fed 
the n-6 (8.2 ± 2.4) compared with the FXO diet (2.9 i 
0.9; P< 0.05). 

l5 C concentrations (micrograms per milliliter of plasma) 
at 24 h were similar for each tracer and each dietary 
group (ratio for both diets « 0.89 ± 0.31), suggesting sim- 
ilar initial tracer partition between oxidation, tissue stor- 
age, and entry into the sampled plasma pool. As with 
enrichment, the slower turnover of LA meant that the 
ATJCi^ ISC concentration was higher for LA than for ALA 
(ALA/LA ratio = 0.45; a - 11). 

Overall conversion rates of LA and ALA, calculated 
from peak 15 C LCP concentrations adjusted for dietary in- 



274 Journal of Lipid Research Volume 46, 2005 



24/12/2964 08:35 08141889625 



D R. CARLO SCHMELZER 



10/15 



pfasrna 




Fig, 3k Fatty acid composition of the sampled plasma 
pool and erythrocyte membrane during the ,5 C tracer 
Stud/. Black bars, FXO diet (n 88 6); white bars, SO diet 
(u « 5). Values arc means £ SD. * P< 0.05. 
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fluences on pool sizes of LA and ALA, were low and of 
similar magnitude overall for AA and EPA (0.18% and 
0.26%; Table 2). LA~>DGLA and AA formation was signif- 
icantly lower on the FXO diet in each case, with ALA^ 
EPA and DPA formation on average higher on the FXO 
diet, although the differences were not significant Con- 
version of tracers to DHA was much less. Thus, whereas all 
six SO subjects demonstrated 13 C enrichment in DHA by 
day 7, only three of six FXO subjects were enriched by day 
7, with one subject enriched at 1 and 5 days only and two 
subjects showing no enrichment in cither of duplicate 
measurements at any time. 

The time course of the l8 C concentration values in LA, 
ALA, and LCPs (micrograms per milliliter of plasma) is 
shown in Fig. 4 as measured values for LA and ALA and 
the adjusted values for the LCPs. Labeling was declining 



for both LA and ALA after 24 h. However, tracer was still 
increasing in conversion products at 24 h, peaking at 48 h 
for DGLA, after this for AA, by 4S h for EPA, at 72 h for 
DPA, and some time after this for DHA; die level of label- 
ing of DHA was too low to identify its time course with any 
certainty. As reported in all previous studies, there vvas 
considerable variability between subjects in the extent of 
13 C labeling. 

A comparison of the AUC values adjusted for dietary in- 
fluences on pool sizes of LA and ALA (Table 3) showed 
that LCP formation from LA was reduced by the FXO 
diet, with lower DGLA (^ < 0.05) and AA 18 C AUC values 
(P< 0.01), approximately half the values observed on the 
SO diet As might be expected, because the tracer appeal- 
ing in AA was similar to or slightly greater than that in 
DGLA, fractional conversion of DGLA~>AA was close to 
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TABLE 2. Overall tracer conversion to JLCPj 



Diet 


DGLA 


AA 


EPA 




DHA 


FXO (n = 6) 
SO (ft - 5) 
Both diets (n = D) 
P 


0.20 ± 0.06 
0.29 ± 0.05 
0.S3 - 0.07 
<0.05 


0.12 2:0.05 
0.26^0.07 
0.18 ±0.03 
<005 


0.29 ±0.19 
0.19 i 0.06 
0.26 i 0.15 
NS 


0.05 4 O.03 
0.02 a: 0.01 
0.04 £ 0.02 
NS 


<0.01 i 0.01 
<:0.0l t 0,00 
<0.0l £ 0.01 



AA, arachidonic acid; DGLA. dihomo-x-ltnolenatc; DHA, docosahcxanoic add; DPA, docoaapenucootc acid; 
EPA, etcosapemacnorc acid; LCP, very l©ng<Jwn polyunsaturated fatry add Values are mean* £ SD. Overall con- 
version is indicated as maximum plasma ™C content as a percentage of dose of either ( ,s C)linolclc actd (LA) or 
(' 5 C)*-ltnolemc acid (ALA). Values arc adjusted for variable precursor enrichments (see text). 
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Fig. 4. Time course of n Q labeling of n-3 and n-€ lon^chain PWAs in the plasma total lipid fraction. Values 
shown are concentrations as measured for AlAand lAand adjusted values for aU JLCP«, where the adjust- 
ment takes into account variation in precursor pool sizes and enrichments (see text). A; FXO diet (n =6). 
B; SO diet (n *= 5) . Values are means ± SD. 



unity on each diet (0-87 £ 0.30 and 1.31 t 0,48 in the SO 
and FXO diets, respectively). EPA formation was on av- 
erage increased with the FXO diet, although not signifi- 
cantly so, because of the wide variation between the FXO 
subjects (attributable to one subject on the FXO diet ex- 
hibiting much less ALA conversion than the other sub- 
jects). 

Relative n-6;n-3 T..CP formation, as judged by the ratio 
of AA/EPA formation, was only approximately one-third 
of the value on the FXO diet compared with the SO diet 
(P < 0.05). Post-EPA conversion was ~20% for EPA-> 
DPA, 20-40% for DPA->DHA, and 7-1 1 % for EPA->DHA> 



with no obvious dietary influences, although the level of 
enrichment in DHA was low. 

Correlation analysts between tracer in LCPs and fatty 
acid concentrations in the sampled plasma pool (Table 4) 
showed that in general LCP formation of both n-6 and n-3 
series reflected precursor concentrations with inverse cor- 
relations (in many cases) with fatty acids of the alterna- 
tive series. There was little evidence of product inhibition. 
Thus, ALA concentrations correlated direcdy with [ I3 C]EPA 
formation (r =* 0.61, P < 0.05) and inversely with C 9 C] 
DGLA and ( 1S C)AA formation (r = -0.61, P < 0,05), 
whereas IA concentration correlated directly with [ 13 C] 
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TABLE 3. Adjusted isotopic enrichment ( AUC Hd ) of Jong-chain, conversion products 









AllC^ Value 






DGLA 


AA 


m 


D?A 


DMA 


AA/EPA 














ratio 


FXO (n 6) 


81.3 ~ 14.9 


24.5 ± 7.2 


58.7 ± 28.6 


5.7 i 2.6 


1.0 ± 0.0 


U6± 1.20 


SO (n = 5) 


50.2 = 3.8 


64.4 5 19.8 


21 .4 ±4.2 


3.9 s 1.0 


1.4 ± O.S> 


2.94 x 1.15 


Both die* (n - 11) 


38.9 a: 17,5 


40.3 t 26.4 


31.8 ± 23.8 


5.0 £ 2.6 


1.2 X 0.8 


1.9 4 1.2 


P 


<0.05 


<0.05 


NS 


NS 


NS 


<0.05 



AUCj W , area under the curve for die 14-day lime course- Values arc mean* ± SD. Values are adjusted for vari- 
able precursor enrichments (sec text). 
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TABLE 4. Correlations between LA, ALA. and LCP concentration* and LCP conversion OK AUC values) 



'•t AUG Valuta 



['*C)DGLA 

['«C]AA 

[ 14 C]EPA 

[ ,5 C]DPA 

C ,J> C]DHA 



La 



DGLA 



O.T* 
/><0.01 

0.51 
?<0.1 

0.02 

NS 
-0.54 
/><0.l 

0.11 

NS 



0.57 
i><0-05 
0.80 
P<Q.Q\ 
-0.35 
NS 
0,38 
NS 
-0.18 
NS 



Goocentmtonf ip Haiau Lipids 



M 



0.56 
/><0.05 

0.8B 
P<0.01 

0,09 

NS 
-0.08 

NS 
-0.09 

NS 



ALA 



-0.S4 

NS 
-0.61 
P<0.05 

0.61 
P<0.05 
-0.13 
NS 
0.05 
NS 



EPA 



-0.37 

NS 
-0.32 

NS 

0.26 

NS 

0.83 
P<0.01 

0.12 

NS 



DPA 



-0.18 
NS 

-0.47 
NS 
0.21 
NS 
0.68 
P<0.0S 

-0.14 
NS 



DHa 



-0.63 

NS 
-0.21 

NS 
-0.28 

NS 

0.80 
P < 0.01 
-0.05 

NS 



Pearson correlation coefficient and their significance values are shown. 



DGLA formation (r = 0.77, P< 0.01). LA concentration 
also correlated weakly with FC]AA formation (r= 0.51, P< 
0.1) and inversely with [ l3 C] DPA formation (r= 0.54, P< 
0.1). Similarly EPA concentration was correlated with 
[ 15 C]DPA formation (r = 0.83, P < 0.01), with a weak in- 
verse correlation with LA concentration (r = -0.5, P < 
0.1), whereas DGLA concentration was correlated with 
PC]AA formation (r- 0.80, P< 0.01), [ 19 C] DHA forma- 
tion was unrelated to the concentration of any fatty acid. 



DISCUSSION 

Our hypothesis in the work described here was that a 
marked change in the dietary LA/ALA ratio would change 
the relative rates of formation of n-6:n-S LCPs from their 
precursor fatty acids as measured by both 1S C tracer stud- 
ies and through compositional changes in erythrocyte 
fatty acid profiles. 

The three dietary groupa were well matched at baseline 
with respect to erythrocyte fatty acid profiles, with initial 
levels of EPA and DHA similar to those in previous studies 
(40), although the high levels of LA (H%) and AA (15%) 
suggest a high background intake of LA. The increased 
concentrations of ALA, EPA, and DPA on the FXO diet 
xvere at the expense of palmitic and oleic acids, but with 
only modest decreases in LA and no changes in AA at any 
time. Indeed, there was no evidence of any inverse relation- 
ship between EPA and AA concentrations in either the 
TXO group (r* - 0.02) or the SOF group (r 2 = 0.07), sug- 
gesting that EPA did not replace AA Others have noted 
that reductions in dietary intakes of LA are generally inef- 
fective at changing concentrations of LA (41) or AA in rel- 
atively short time studies (42, 43). Because [ 1S C]LA con- 
version to AA did reflect relative concentrations of LA and 
ALA, wc must assume that substantial LA, and possibly 
AA, storage in adipose tissue (44, 45) resulted in an addi- 
tional supply of LA and AA independent of acute dietary 
intake (42, 46). A 12 month intervention providing 2.5% 
dietary energy as ALA in a high-LA diet (47) did attenuate 
the increase in AA in serum cholesterol esters compared 
with a similar LA intake with less ALA, suggesting that in- 
creased ALA can modify LA-to-LCP conversion. 



Our finding of a substantial increase in EPA but no 
change in DHA in membrane phospholipids is consistent 
with most (11, 14, 48, 49) but not all (50, 51) previous re- 
ports of ALA supplementation in adults. The highest lev- 
els of enrichment of EPA are usually achieved at the lower 
intakes of FXO (48), suggesting that high levels of ALA in* 
hibit its conversion to EPA Indeed, the inverse relation- 
ship between dietary ALA and the DHA content of mem- 
brane phospholipids (42) suggests that increased ALA 
and/or EPA may displace DHA In a recent 6 month study 
with 9.5 g of ALA per day, although EPA increased in pe- 
ripheral blood mononuclear cells, DHA conccnuation de- 
creased (49). The ALA/LA ratio rather' than the absolute 
amount of ALA has been suggested to regulate the con- 
version to EPA (52), consistent with the report that dou- 
bling the intake of ALA at a constant dietary ALA/ LA 
value had no additional influence on platelet EPA content 
(43). 

The 1S C results show that LCP formation from both di- 
etary LA or ALA does vary with its relative supply and in- 
versely in many cases with concentrations of fatty acids of 
the alternative series. This is in accord with conventional 
thinking from in vitro studies that LA and ALA compete 
for A6-desatu ration, the first step in the biosynthesis of 
long-chain PUFAs (53, 54) . It is important because the ap- 
parent resistance of AA concentrations to dietary change 
has led some authors to question conventional ideas 
about the regulation of LCP formation (55). Thus, forma- 
tion of both [ l5 C}DGLA and [ 13 C]AA [i.e., ™C (mg/ml) 
varied directly with plasma LA concentration 
and inversely with ALA concentration, whereas [ i3 C]EPA 
formation varied direcdy with ALA concentration. This 
meant that the marked reduction in the n-6:n-3 ratio by 
the FXO diet resulted in a halving of [ 1S C]LA conversion 
to [ 15 C]AA and a doubling in [ I3 C)ALA conversion, to 
[ l3 C]F.PA compared with the high n-6;n-3 ratio SO diet. 
The same pattern of dietary effects was indicated by the 
comparisons of absolute rates of LCP formation from 
peak plasma concentrations of [ 1S C]AA and [ l5 C]EPA. 

However, although our findings for the reduction in n-6 
LCP formation in response to the decreased dietary n-6:n-3 
ratio are robust, the increases in n-3 LCP formation were 
less so. Significant changes were limited to the coorela- 
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tion between ALA concentration and [ l3 CJEPA formation. 
These findings need to be considered in the context of 
the low power of the study to detect minor dietary influ- 
ences because of the high cost of lM 3 C tracers, low levels 
of enrichment, and marked between-subject variability in 
tracer handling, as observed in all such studies reported 
to date (11, 14, 22, 23), Tracer studies of fatty acid me- 
tabolism in vivo represent a particularly difficult problem 
given the lack of access to the tissue compartments where 
LCP formation takes place and an inability to measure 
exit rates of individual LCPs in the pathway as oxidation/ 
carbon recycling or tissue deposition. Few studies have at- 
tempted more than relatively crude estimates of isotope 
transfer from tracer into the various tracee pools (22, 23), 
and it is recognized that AUC values will overestimate true 
conversion rates and provide only approximate relative 
rates of transfer (39). The two measures of conversion cal- 
culated here, peak plasma concentration and AUC, were 
proportional and highly correlated (r* » 0.79) but in- 
volved different assumptions and gave slightly different 
comparative results (Tables 3, 4). Thus, the slower decay 
of enrichment in the n-6 series fatty acids reflecting the 
larger pool sizes meant that the ratio of 13 C AUC/peak 
concentration was significantly higher for this series than 
for the n-3 series. 

Our adjustment for variation in tracee pool sizes and 
consequent l *C enrichments between diets and between 
fatty acid series attempts to deal with a serious issue recog- 
nized in some (21) but not other studies (18, 29). In a 
tracer study of n-3 and n-6 LCP formation in adults, Salem 
et aL (21) interpreted the 4-fold greater isotopic enrich- 
ment in EPA compared with AA as reflecting the greater 
initial enrichment of ALA compared with LA, with true 
relative rates of EPA synthesis likely to be lower than AA 
rates. Others (29) interpret a 5-fold greater ,3 C enrich- 
ment in ALA and its LCPs after a decline in dietary ALA as 
indicating that dietary ALA reduces ALA long<hain con- 
version, without commenting on the bctweerKliet tracer 
dilution problem. Indeed, to our knowledge, an upregula- 
tion of ALA lon^chain conversion by increased dietary 
ALA or a reduced LA/ALA ratio has not been demon- 
strated even when increased concenu-ations of LCPs oo 
curred; this reflects, in part, lack of adjustment for the 
lower I3 C enrichment in ALA after a high-ALA diet (29). 
Others report a 5- to 10-fold higher conversion rate of 
ALA compared with LA as a real, between-series differ- 
ence and not an artifact attributable to differential initial 
isotope dilution, arguing that this would not influence the 
weight or concentration of trace-labeled metabolites (18). 
an assertion that is difficult to support* Our I8 C adjust- 
ment algorithm, normalizing for assumed precursor en- 
richments, assumes that the adjustment was not markedly 
influenced by the lack of time points before 24 h in the 
AUC I3 C APE values. In fact, lack of early time points at 
peak labeling for LA and ALA 13 C enrichments (<24 h), 
with a consequent underestimate of enrichment values 
over time, would have underestimated the errors. This 
is because the ALA enrichment AUC would have been 
more underestimated than that of LA and more underesti- 



mated on the low-ALA diet compared with the high-ALA 
diet. In turn, this means that we underestimated both the 
upward adjustment of n-6 compared with n-S LCPs and 
n-S LCPs on the high-ALA diet compared with the lowALA 
diet This strengthens rather than weakens the findings re- 
ported here. Clearly, there is an urgent need to develop 
more precise and standardized analytical models for tracer 
studies of fatty acid metabolism. 

The low long-chain conversion of LA reported here is 
consistent with results from other human studies (18, 39, 
56, 57) and with animal data (51, 58, 59) and reflects the 
low initial conversion of [ 13 C)LA to [ 13 CJDGLA Similarly, 
previous [ 13 C]ALA studies have shown oxidation to be 
its major fate (17), with conversion to EPA varying from 
^8% (18, 25) to much lower values (0.2%; 22, 23), consis- 
tent with our results. With the A6-dc$aturase rate limiting 
LCP formation, once formed, [ ;3 C]DGLA is converted al- 
most quantitatively to [ l3 C]AA and 20-30 % of EPA is con- 
verted to DPA, as reported by others (25-27, 29). Reports 
of the conversion of ALA to DHA range from 4% (18) to 
no significant DHA synthesis (25) or <0.05% (27). Our 
finding of an overall conversion of <0.01% of the admin- 
istered [ 1S C]ALA tracer to DHA is consistent with the lat- 
ter reports. 

If the AWesaturase is the rate-limiting step in n-3 and 
n-6 LCP formation, the higher tissue concenfrations of LA 
compared with ALA might be expected to result in higher 
rates of LA conversion compared with ALA, even taking 
into account the 1.6- to 3.0-fold higher Ao-desarurase con- 
version rates for ALA compared with LA indicated by ani- 
mal studies (60, 61). However, product inhibition may be 
an important regulator of C18 conversion to LCPs in vivo. 
Without such a mechanism, the high intake of LA in many 
human diets would result in the accumulation of high lev- 
els of n-6 LCPs in tissue lipid stores. Tang et al. (62) have 
reported that product inhibition occurs via suppression 
of the human A6-de$aturase enzyme by LCPs mediated 
through its activation by peroxisome proUferator-activated 
receptors. It must be assumed that product inhibition by 
AA will affect LCP conversion of both LA and ALA. 

In conclusion, when variation in I3 C enrichment attrib- 
utable to variable tracee pool sizes is taken into account, 
reducing the dietary LA/ALA ratio down regulates LA. con- 
version to AA and most likely upregulates x\LA conver- 
sion to EPA This suggests that the relative concentrations 
of the n-6 and n-3 LCP eicosanoid precursors do reflect 
relative dietary intakes of LA and ALA, but the relatively 
high background ratio of dietary n-6:n-3 tends to mini- 
mize changes in membrane AA in short-term studies. 
Even the Canadian Inuit, with very high intakes of n-3 
LCPs, have an AA/EPA ratio of 2 (63). The regulation of 
DHA levels in tissues remains an enigma. The fact that 
DHA can be formed from ALA, albeit at a very low rate, 
but cannot be increased by increased dietary ALA suggests 
that DHA concentrations, at least in circulating phospho- 
lipid pools, are regulated to satisfy a relatively low meta- 
bolic demand that can be satisfied by the relatively low lev- 
els observed in vegans with no dietary DHA intake and 
with erythrocyte DHA levels lower than EPA (64). From 
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this perspective, it could be argued that any caxdioprotee- 
tion associated with increased dietary DHA intake and 
increased tissue levels represents a pharmacological ns- 
sponse to an increased risk associated with an imbalanced 
n;6;nS ratio. fiB 
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